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"OPTICAL DATA STORAGE SYSTEM WITH ) 
MULTIPLE WRITE-ONCE PHASE-CHANGE 
RECORDING LAYERS" 



An optical disk drive uses an optical disk with spatially separated 
multiple phase-change WORM recording layers. The optical disk has a light 
transmissive substrate onto which the laser light is incident. The substrate 
supports at least two spatially separated multi-film recording stacks, each stack 
including an active recording layer of phase-change WORM material. The disk 
is either an air-gap structure wherein each recording stack is supported on a 
separate substrate and the substrates are separated by an air-gap, or a solid 
structure wherein a solid light transmissive spacer layer separates the 
recording stacks. Each of the recording stacks located between the substrate on 
which the laser light is incident and theTarthest recording stack includes an 
active phase-change recording layer and an optical interference film in contact 
with the recording layer. The recording layer is made sufficiently thin to have 
good light transmissivity, but at this low thickness, without any other layers, is 
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not sufficiently reflective to act as a recording layer with suitable servo and 
recording performance. The optical interference film in contact with the 
recording layer has a high index of refraction relative to the adjacent recording 
layer and spacer to increase the optical interference effect in the recording 
stack. The optical interference film optimizes the contrast, reflectivity and 
transmissivity of the recording stack. The optical interference film has-low 
absorption so that laser light can pass through it to focus on a farther recording 
layer. This allows the farther recording layers to be written using reasonable 
laser power. « - 



*«.**AiifltBH*#*(CNS)A4*UM 210X297** ) 



A7 
B7 



is. > ( 1 ) 



fa m & M 4l & *. & si • 



>i -fc. Alt 4fc 0 -JL*t*fc«t*^1f ± » *J 

4l ^ s ej is o 

^t^^^WORM £ ft > ft jjfc $ WORM $ & & ft jgt 
*i ( W *i ' A £ 3S! ) g J* -It # # -ft, A 9 « * it 4a ( ft *> & A 

| t ' &#&^f^|5 4&-gi$;fc & > i£ & & d& ^ $ « 4l # 

% Jfc 4£ #. « ft f _t ^ # % a b & a fi hq & # « 4l at St <ft 



^JftAAli/JJtHH*** ( CNS ) A4*fcfc ( 2I0X297** ) 



£ - & A A £ JR(WORM) $ ft t » 



f # 4f & i£ & 




( 2 ) 



m ° 

5,202,875 ; 5,097,464^4,450,55 3 ^ . *jit«WORM 

4l $ A «l »fc 0 ***«:*4i*^*«-a.^^*#*&4tfl54L 

* ft * * it fe 4l + « £ fc* * * £ * ft fc* * . 

> **tit*.te* J fiJrxA^ i nft ° #tw*n 

th & ( 4a at ^ ^ 4r *i # & a. A & a! * 5-1 iL 4t ** 4i J: * ) > 0 
Morinaka4i EI *. 4 *J M ft # 5 9-2 1 0 543 St t 4k it 

*. ># * m » ?i^rs-#4i^«^ . * — *«.*t^a*«j?.i^ 

# 4i ^ v i* & m & m ' s % & m m % #. « & a at & *. * 

# ' # sfc *t it * £ & ' « ifc* & ^ A £ ± n £4 % & ft 

* *i NS, % A 0 



**Mfc*AiMJ tHB*#* ( CNS ) A4«Ufr ( 210X297** ) 



A7 
B7 



( 3 ) 



**** tM&$LM&&XZ.&%%&& 

atftW0RM4fr ffifctete** . ib^«$lLW««|. 

WKfr*) > 4flft*4(*t Hft**4t*M****fe 
$t ^ 4 ) ° 4-te«t^*^L^<T4t*«:#^.*AW » JL & i£ 

t& « ^ * & ^ & & # st ft i& a n & m 4l & V 

* fll • i& *4 ft A & ® Mi % » a A * H# ft * # , fa 

**tffllft##ft#.*.fti|fc*a.frfl*4fr » * t A ft *r 4t 
. . * * * fll * ft. *<r 

pa ® ^ $ -g- & & 

& ffi ® • 



tBJB*#*. ( CNS ) A4«Ufr ( 210X297** ) 



A7 
B7 



A « #91*91 ( 4 ) 

■ 3 ft fc-fc**ll«;*ifc:iA*ftft*tt4LA**«. 
A-* ffi « • 

«4ft Afll#ift*tt4Lte*ISI^«t4L**H o 

4l£ tii^^iL^RK £ A**J ft ffl o 

H 6 A & 6B ^ #] ^ #l *.# W — ft » * # J* # - 3. 

W8*ft*.#«4Lj5-*flt« > ^ 9? A. £ *a & J9H « & 
^l5-fc^/f^^*te4fc^4i|LK^*fc^^Afll*J* 

m • 

& * ft fr] it 

a i« at 10*^ A^*t^t^# * 

*t 4* # * 1 2 > & #r t & * • |Al4|^^#At^^ 

& 12 - 
* 

| A**22KJ[*fl|124LT--*22|tt*5r24ji » £ -fe ^ 

| ***^**«* + B «*4*26Jl . -f-BB *»*|26W* 

| H2A^j*124l*J*||| «^12jL^t^^^^^*i^ 

it 

31 - 7- 



*-***Jtii/3 t@S£*2f!. ( CNS ) A4tf.;fc ( 210X297^£ ) 



302475 

B7 

( 5 ) 

*h & ©4 9.41 J. /I. 5 0 o *hfc(OD)jfc52.2ll*j4£(ID)jfc54<fc 

56^ 1.2mm # • & ^50^t^^i&^^§90> JLS^.56 
* * # fc * # ft 9 2 • jjt j£ § 9 0 , 9 2 ^ #] # # ,fcMa 

*P*I# ' ^J5'J*#£*j5&fc##ft90, 92^&&ft%&3„ 

*iti***fc*-a./*<t«*«- • *a ii ft ' & # ft *r & 

£&& + #&iLraftii< l fciJfc,t+teifc4Lfc«; • ODJS.ID.^ 
*#«*a#t«rjr*LAJL^A 3 004fti|t^ - &52, 54*T# 
& * > & J£ #J » * -fr afc & » & #j & i£ # *!l # *fc 4l & & 
&ftm%ft&.M. 50, 56 _h . 4jt 52, 54^<f^T^*&« 
*Lfi#*-ifi& t ' **A 50, 56 t & • 3 *h » & 

52, 5 4 * * A 5 0 , 56M##J|tifc|t«*Wl*78.*4?l80 
ititID.^54 «4l^12 . «#^c|A14 . £ I D jfc 5 4 t * 
¥f#itit84it#^L80^^1^78 » «.WW78A^J!6*&4Li8. 
it**W-*.A/H$# • *£&|£&4at884W;friiiit82 
_t ' «»jL«H(i78ft$|Lt i f ;t t • ift a* * 8 4 
?T A % & • it ifc 8231*1* S84T^^^|iI 

^ODt52± . 

■ 3|S^**j«22&fl|124L-#H|t«4LjB|B " & ^5f>22 



****Ai4ffi tHB**** ( CNS ) ( 210X297** ) 



a > &*mw ( 6 ) 

f 2 00 , *^r^^0^^-feT^i^2O2^ 
fe*.4L#-fe-*Mt&^.;fe£$# ■ t 4+ f 200T£ £ 

£ft4L#-#£^fe*7jci|l. » ^Hdj^.|jg^i & ^^t-^ 
A £3! E4L&#ft -**fcte4Ltf *fe 

*/Jcij* - 4t202#i£|£203#ifiL , «^KH2 04^^gJ 
^ ' #^itii^ v ^^205 o - <|S^^^202*^7ttt205 
*r # S. it ft 2 0 6 » & £fl*J»207. 4t*Jg207ttffl:*£ 
8«*#J)l202ijft*. *^^*tt2054L**.202**it 
^^208JL^^ » **202#Jiift3fc&&*210 > JL £ £ 
& 1& «: ^ # 9 0 , 924L-4L«fe#l l IL#|J& « * * 2 i 0 * 1'^ * 
*214Jl . *^a«#*jl!EJEft*ftS216«itl.ftij-^ 
#12 > ibtftS216TA*Bt»S«##J|j8;#fetft 
& 2 1 6 4l & *| 2 1 0 4l # & # 1 2 4^ & & 5 0 , 5 6 _t 4l - i& & 
i££90, 92W4Lfc£tt#$& o 

-*#4i**202fc *#iL#*220 6 ft**490, 92 
il 4i • & *220n7*Riaifti£fc210 . JLtt«fc208iLJ|f . £ 
^*«fe205A > &*220 £fti£iS#fcfc232 > JL £>J it £ 
/t#*4fc«!l»234 o 

® 4 A & «| # & $ & ^ & W * & Z- 7> %. H ' J. - # . 
| ^& 3 00 £* o **#««*.234<B3)A 

| *lft-ib**lftAilHtAA.*236*t*.»JLA«iJiittlW 
g 3 1 4 . J£ it ft m » 3 1 0 # & 4fc FES > JL it. ft Stf IS- 3 1 2 



*-«.*XJtitffl tHB*#* ( CNS ) A4*l& ( 210X297** ) 



*&:£*.&236&i|fcTES.!i<W»3143fl;$FESJ*4-tt»!| 
»310.TES^<t«8«*312. *J*207ft 

H. • «#J»314*ifc#J.tt*J ^4^200 ' ^ t «&«26 » #4 

m 2B & ^ * ft % & i o t * 1 2iL ^ $ 1 1 2 

3 - # ft « #J A @ «^H2iL7t##@2At^l24L 
it # & & > te«M12&#.?|124L*t*.raM&#!7 0 J5 *h > B It 
&ttfflftl22^ffi&£J50&156-&tt£:A.ft*4'f' ' ^ 
lft&122fc,i,#T&&4Ll503U56^&-fe4L*ft*frfc 

* IS <* #J *L A 0 ^ 1% 4fc 1 2 2 ^ £ £ *fc # # 2 0~ 3 0 0 #t * o 

■ 2CA^T*.^*jftl0tfl|124L^ti6i|t4H£*fl|412 
-t.^-^|Sl*lt^J4i*J«H °^4124L7LfM^g2Bt^ 
1 1 2 it # ft . & ^ , *412*.ftffl*»**J|.|t«t^ 

' ®2Bt ^L*& 1 50, 1 56) > te£ 
0^S^-&^.45O^^^^ii o WORM|&t^§490 
492 # « Sit 4*7 * 4 22 ^ « . ^ % % ,£ 4 2 2 #. & £ & 
&450i4Lt£^JpLft490ji4L#^*jfc^(*ijfe,X^^^^ 
**#!t^)^A4L*#*fr^ • AltW + ' 

^fi***«*X^4fc*bff > ■ko%.$L&m$L& • ^422 4Li 

# / A Jtt # jff # o Jp-WORMia«tJpL* 492#it^^^ 
B*4fr*422*.lS*pjt,- X^4fr4fr1f*-*&#tfc;|456 > *> 



*.**.&*^.i4flf SI!&#£ ( CNS ) A48L;fc ( 210X297** ) 



i * #9Hfc9! ( 8 ) 

H2D*T*ft*ifcl0t*124L*±te*J»tei|t*512 



it 
H 

6 *£ 5 5 6 o WORM* 592* ft ft * £ 6 * 5 5 6 J 



* 



522fc&te*#* 592_L#£ > JL & # i£ ft 4+ * 4t it 9 |_ 
-WORMfc**#590ft£frR4fr* 522.t#£ . # |£ £ | 

# 590_L« . ft**S36Jt**|*4fr*S22 ' JL * * 
l%&#5224L*hBJ&# • %536 zlM ft ft M & 

538 o #££ 53 8-** 100$; * £ , JLii#&#-^*qt 
536_£ • «rAj£538*#*#*#:4t*.*f.*fl&549 . ^ ^ 
£538£&&#--f£4t:J£g590iLfBJ ^^,0.2-2. Omm 4l H S 
540 o $#7^556^^^^^^^^^^^^^^^^ , 

c ^|%&,f 522* -#£££1 0-1 50ft*.*, j 
# A U V- * & 4b & % ^ & 4 • Rr J ftJt538-»*4'W*. 

#*WORMte4Jt^Aft*^^*9^iit#^U«2A4L-* 
#i£&i£^T • & & 4l £ * WORMiJtl £ & .* 
^««2B-2D + *#&&a|t4Lft-*te*;fcifc*# . 

M 5 ft * ^ p $ jfc g WORM £ ,J± ft 4b % 5 1 A 6 6 4^ * 
&4*«f#«M2*,*JfcH '^n^t^^it^jM-it 
**h^fl&494L*A50« &&5 04& > 



*-«.*AAi4fl + HH*#*. ( CNS ) A4*Ufr ( 2I0X297.fr* ) 



£- > ( 9 ) 

(APO) , % f g§(PMMA) , &&®%L 

mm > T & m % M- A • $4t&*-^iiJ$ft|fcffl4Lffifc& t 
» * & « WORM«r If 4^ T fc Htflf « 5 1 # * ^ * A 5 0 

A x Sn y Sb z (3%x<45% > l%<y<40% » 45%<z<96% » JL f 
x + y + z=100%)4L* fi ^£ » ^tA-^T^In, Cr, Bi | 

4,960,680 t • ftifi » > & f A * # A J. 

^ 2 Omm 4_ Jf - £ • £ & jf tb 2 0mm # » B'j & # & ,\& -y 

Tit*'' ' *&£>fc#^£^;fr7.5nm»5ti*;kfc#*fr 

*t*itJ*,**fcWlBI* • n$t%Jt ^#W7.5nm . & £ 3l! 

A *B -=L A 4t & A. ft tt ifc * A * fit 4ft < ft * ft JSL it tit ' 
** ft • In JL » ifc^^*2fcft^#*. 

*■ # ^ t ' , in & # © ft 5 3 ft * te 

* ^*90(»ttfc«t^51&«t53)4L#J|lfrtt » A * *fc A * i|fc 



****Ai4/fI f aB£#* ( CNS ) A4«Uj. ( 210X297** ) 



A7 
B7 



& 4t «l± # -ft 0 *^*«|535ii;Aj|.*^^«.i|fc^i(^^4t4 t 

£ * $ «H53^<i # £ t 4h f » *»SiO x , TiO x , ZrO x 
Cu x O, SiN, SiC^A^^JSi.^^^S^^^^'JLT 
« ft 4f ' & # « H # & # Jfc £ tS- & fe «|t # 5 1 _L = & # 
®«l-5 34L*ifcitffl«rir*itl| &*A1, Ti, Zr, Cu, Hf 
Ta, Nb, Cr*W4L/c#iLJMb*!7 3l|L4b4fr 0 *<frff*iZn 
^Cr#-^4,^#S, Sc&Tea^^^ftjg . jfc # & jf *T 
• # A A & S # ' I'JTilll^liL^ 
& - #] •** . S iO x yr # Kx<2 . 1 ^ & & & . * © # m 
& ffl fcl *» 1 9 5 5 ' Academic Press, O.H. Heavens^ 

. J&5*^% & ft ft®. 

* ** - *fc $ A A 4fc ft Jfc £ & $ 0 E] it » # ^ * ^ 'fi 
fcfc#51&*ii»ll|53 , «534L***tA,j, > If- & * .6 

i£ f ' f - ^ <f± ^ ^ 0 . 1 W/cm - K ^ #*Hfc4fr1fJ$Tfli#J« 
53 <. #)*■> . SiO x £ 400°KT4L*£*4±A0.015W/an-K •> 
£ T ft ffl ft ^ t # & * ' JFJ « 5 3 & if & -fi ft * ^ ^ 



- 13 - 



**.ikJULH.m f i|g!£&2£ ( CNS ) A4*lft. ( 2I0X2974S* ) 



3QZ475 A7 

B7 

A ( 11 ) ~~ 

**51,66fr*.#A,|fcfcfcj^4 64. « 
****(UV-T*4b»#*»)T*#4#i»*t*i«t* 
il&J§[66± o & ft & 66 *rfej$. s nfttft$ki&%& 
«*hte** 664L3fcj|£ > ^jfe* ***64 . 6 6 

® & M, » *Ho20-200 nm . 

'I4fct^66, & ft ,|± 5 1 «t • * A »& & *fc A o g 

jib » #664LfcA.*fc&.I£*fcjJ& , H*#*.iJfcflfcfltj» 644L*|- 
& J£ * ^ fit 5 3 * PR #J = gj jt , % 6 4 ^ it I) *» Ji rJf ig M- 
&lU 10 nmiJfc|8t*4L^53^ffl^:^?s.jij:it^jf » $ ^ ie, 

&56^T**»*.A50*j|5|4L*bf » # * $ »8 <lfc «" ' *» * i£ 

*r W 5 t #f ' £780 nmafc-ft.T«*JM-#^4Ljtfl|tl2 
^,*t^*tt«t ' *45.50A56^ 1.2mm*4L3fe^L ASS • # 
$,9 nm^^In 13 Sn 20 Sb 65 o ^ ^ ^ ^ # ^ 

n= 1 . 5 S iO z & # « ft 5 3 » 9 0 ^ # « ft A 4 1 % » 

iL^#^^20% o #*&.1±**M5% > JL 

* 4* #• £ # #) > «#iil*W4L^4t-«t». • A, IS 7 8 £ 



f Safc&gt ( CNS ) A4j!JU&. ( 2I0X297^£ ) 



£. *&*mw ( 12 ) 

200$t£# = J. & 5 6 _h ^ $ —ft>&iZ%L% 64$ 75 nm&Z. 
In 15 Sn 20 Sb 65 o ^ii^64^20^^^4LM^#^#^^ 

* ft 4l *. ,J> . JL SI jfc if id «. * A , X>J ft * ft * fc * * 
5l£.ffl|534i£,£ . W-ko » ##500 nmt^Ttft^ » 
fc ^ >f 5 1 ^ £ ^ % 8 nm > J|ij & 5 3 ii ft $L m % 1 1 0 
nm o 

* H 5 4i $ it & ^ _L ijt ft ft 4i _=. >f j£ # & t ft 
t ' #£tefe**51, 66^ & In 15 Sn 20 Sb 65 ^ ^ » JL it; 
t^hlf* « *Si0 2 # j& « ^51^8 nm# , JLfcjfr *bifc# 

15 nm# o $ j=.4fc4JL^ 6 6$ 75 nm# JL «4t >£ * & % 4L & 
m & J& 5 6 JL o *flt^64«*4t*#*^'l±4f66i4Ll5 
nm Si0 2 c , &**#A£300|Bt 

*4iHl$78 » ^-^^^#90, 92(te**51, 6 6)&* 

# 'i± & «. 4fc ft ft • 



£ 1 



^ Sfe 




# 4* '14 


& Jft 4 


?St -14 . 


(*«5) 


(nm) 


(%) 


(%) 


(%) 


1(51) 


8 


44 


1 7 


39 


U53) 


1 5 








2(66) 


75 


1 


3 1 


68 


U 64) 


1 5 









*-«.»^Ai4ffltHB*#* (CNS) A4«Ufr( ) 



A7 
B7 



( 13 ) 



&0-55*<£K v frit St fc* 

10.7m/s . & ^12ns4i^jH-j^«f«fcUt8BfNJjft«f#3f^. 

t/t*«(PWM)itiit - **n***«(T.)* 

3 5.4 ns . «6A^6B^JJ*^^^^A.JS|*^^--te^ 
***ltl*itKt#ilJft3ftJKt(TE-TE) "B*&*JL" ^L^it 

1.8 ns o g 6A-6B#f * ' 8T C = 2 8 3.2 n s 4l JE i£ 3£ 
AT ' -fcfc* Ji4LA#it*|L«3H&:*1.2 n s fc, # & 

H7£&#124L3-£ftfc|4L#|«W , a 12'*.* • * 
^12iL7G#^^4L^12 , 4L7t#^ia^-«^^a^.^o 

«*tt*|53(H 5) . A A*j»#*4t#*aL-'l&**4±*b f 
4L***Sft . . »J T «. ffl * * 

5 7 4l J* £- it & ° j$ 5 5 A ffl # & #7 f - & .J± > * $ $ n » & 
ft flU 5 7 A * # $ n . & * t & & <i± • # IK 5 5 f ^ jf , 



**.**AJ4flJ tHH*:#* ( CNS ) A4*Ufr ( 210X297** ) 



A7 
B7 



A *4HJtt9! ( 14 ) 

SiO x) TiO xJ ZrO x , Cu x 0^t«^*f f - # 

> tt«l*.t^ir*»±ifc^53Afffi#(H5)|t# o 
ft ft 0 5 1 ' 4l & $ -f± f *p # * #) g £ 5 5 5. 5 7 4l £ & & & 
4b • *-J*» > 10-80 nm^Si0 2 ^T^ # J& 5 5 , JL # /fc $ 

Jj 2 0-100 nmt S iN x T JH # 4 5 7 . £ ft & 4 6 6 1 * J 
Tifttf £ • #i£4 64 , ^&^^fi]£(*J£] 

# ffl ) ' ft* ^ft*4 66'^*#Mste** • SiO x ^|t * | | 

#**tft* 4 66' ± . 50-200 4 

nmr«1 • #*jfcjSf WSi04 64' - * at * # *T * * « * # 4l J 
«■ <I± ft 4t 4 6 6 ' jfc » tH, ft n Ms & « 1 . 3 £ 2 . 2 ^ @ -f- if 
in ° *#It*4L3t^it*ft*iftjst4.j5S i ^^B#-»*ffl 

« 4h ft St * S& X * * ft & ^ J* * (*> £4 $ ) * Bf ft 

B|8££fl|U24L3-,R.ft4L*jtfBI , «12"*7jt o 
1 2 4L tl # #1 ^ 1 2 " t£, # ft ft * It i W • * SI 7 

t^7t^l2'^^^^^,f » |f i5t|W0RM 12"JMT 
& i£ # »f± ft & 4 5 1" ^ - # 31 JK 7 2 & 7 4 . ft 
&451ft A*#«.iJtJB|72, 7 4IBJ - t ^ # jj£ 7 2 & & yfc # 
* * A 5 0 " _t . *9 & £ ft & 4 5 1" # >£ # £ flft 7 2 _t > 

JBI 74 # ft ft ft ft ,)£ ft & % 5 1 " JL o # # & $.J i£ ft £fc,f 5 1" 



**»*Aii/Ut HH*#* (CNS) A4*U*. ( 210X297** ) 



302 47 5 

A7 

B7 

A *%:Wil*n (15) 

#*iiift#«li|fcj*72 o ^=.^^^^^^^90" ^^"^f- 
12^M53^f5j o m » J&72, 74^^^-^^^.^^^* # 

5. 9J & £ $ f fc £ t & I* 4l T & « A * >b • @ 8 $ it ii | 
*fc & * ft fcl t ' ##£780 nmt;JtiTtfli#ff > * 
4E. 5 0 " A 5 6 " ^ 1 . 2 mm#-2L«gtgg ° #-«4Mr*72£2 
nm^ 4i Si0 2 . % - & ,\± n £ Sl"£ 8 nm^ 4l 

UV--sr*'fb«#*S • fcK78"*200*l*# . £ & 5 6 " _L 
~&>\kil%t% 66"&75 nm# 4l In , 5 S n 2 0 S b 65 . ^ f£ 

» « t ° & « » * t *& *i * — - - #£#*#*_te 

#-H* ' #H5*4L#&*ftfl fe*$=L « 
4l $ & ^ & b& ) , # - ie, & ,§ & 7 nm| ^ 
In 15 Sn 20 Sb 65 , JL^-7fe,f-©M^150 nm^^Si0 2 - £ 
.S.te*/| A 7 nm^iIn M Sn 2 ,Sb 6J . JL^-^^S^^ 
150 nm#^tSi0 2 . ftf- # ^ & j£ £ , jfc ^ ffc 5 0 % 4l it 

w <ii > ei it « # ^ # - & & _t 4l2 5 % f 4t * m n it # - * 



****Al4ffl t@S£#*ft ( CNS ) A4«Ufr ( 2I0X2974fcf ) 



A7 
B7 



& T A x Sn y Sb x 4i* & € 3! & <k ft > MAfcJfcfiifcfl 

JL*#*Jb^.*ifcte* IS] J: &4L£.*M^1f 

to^&^Tffl#*l&.g.W0RMteifc#(51, 5 1', 5 1", 6 6 

6 6', 6 6 " ) o %L z.- fa & 

A«**i4tnMb*to$>4fr » & % m & m m. t & >y ft & & 

* * 4i #jl & • ###AA*&**,fc*j£*4^» 

* ' tt If - ft ^ «f ii # - A«ffl*Brjt**3R*4L*JH-*ft. 
te****4b • ft* AJfe&JHbAA&a!*) - A***.**. 

$ ft , . 

*itffl4i — itfeAtt^jfjft GeTe, SnTe, PbTe 
SbSe, Sb 2 Se 3 , S b ( , . x , S e ( 0 < x < 0 . 4 ) , Bi 2 Se, Sbi 2 Se 3} 
Bi 2 Te, BiTe, Bi 2 Te 3 , Sb 2 Te, SbTe, Sb 2 Te 3> TeSi, 
Ag 2 Se 5 AgSe 2 , Ag 2 Te, Ag 3 Te 2 , AgTe 2 , Au 2 Se 3 , 
AuTe 2 , GaSb, ;&GeSe ° % ft ' j& ^ & ^ #7 * JMb 

* if * ' JL # fa to &, & #] -fr Ti, Pd jfc Crft J* & # t Vt 
k o it ffi ft ft at !g WORM41 JL 7t fcL ^ & & * & £ ft. 
&&i£#GeTe,S.Sb 2 Te 3 4i&<^ , JL # % GeSb 2 Te 4 
Ge 2 Sb 2 Te5, GeSb 4 Te 7 >^>fr^.^#.J>-g : i§.§.4 L Sb, Ti 
Pd, Sn4,Cr4i&^4fr • 3 - ^ 1f M ^ Jj, ( I n S b ) , _ x 
(GaSb) x , *t0.5<x<l o fliiL*^^^^^(^^ - Pd 



*i*.ikXJtHn ( CNS ) A4tl& ( 210X2974S* ) 



20Z475 



A7 ' 
B7 



Ni, Cu)4L^*tfc<Jt«| ' TeO x , GeO x , SbO x ^InO x ^4L 

& & &#&t ft ti&m ft ° 

ft ' # IBLfr # 53, 5 5, 57, 64, 12, & 7 4 ( & jt - %t 

fremiti 4k i& <> & rfn ' *t 

■fl ft ffl.*.j5 #ft . itfllltA^f 

^ BtT# &4l#j& . # if £ ft •<* & * -ft- 9 4 9 

% Aik® Jt^t % • A » It <£&-ft-# 

af 4l # ^ - « ft /ij ft g worm * jf 4l £ £ & # ;f « 

j* o 

> JL t # & it 

mm&&w^&&gr&m & n&izLw » -fa a t # *■ # w 



jMft.ft*Ai4fflf BB*** ( CNS ) A4«Ufr ( 210X 2974>£ ) 



i. : 

' I 

**** > A(d)**-fc 
* f ^ * * * ' 

% . ****** ft ' E ^£ 

******* + ****** 

3. ft H *2* ******** \* + *** 

fe*-****tt^l*** ' ft**-**-****- 



±t*.fkJULi&M f gBlg#9. ( CVS ) A4*U*. ( 210X2974S* ) 



* * t#-t*J4tn 

4. *i t # + 3 ^ ^ ********* + * ^ 16 

5. Art***!*** 2 * 41 ******* ' * t *** 

6. *»t* + «*B*2* ***** 
fete-$***A»*J^*£6**rtB*#*---B 

7. *.f * + «**-******* ' ***** 

« ft. F* ^ 4f» 0 

8. -to t f* -*#J II B £2**!^ £ & ' * * 

^ & > j.***»l«**-te**-fc-#A 0 

9. *» t it -M'J ft B » 2l^**tHt## * * ' * + 

A ' J.*-te**fc***«* 

A 0 

10. *. t * + #Jft « * 23 « i: -***** * * ' * * 

fc***T*#*. & ' B * A A..* ^ at « 0 

11. *> t tt*#Jft B * 2* * & ' * +" *** 



&&&Xjtia/f] tS§&&* ( CNS ) A4*lte ( 210X 297^t ) 



' ******** -fc*** Jxfc*** 

12. *t* + «*«*2**. > & 

13. *.f * + * 2* ' ^t**^ 
# -A t &#A, Sn^Sb 
^ , ^LtA#iSiJ &^In, Cr, Bi>&Si^it * • 

14. *. f#*#]ftB*2*4L ******* * * t 

&^TeO X) GeO x , S b O x InO x & It 4fe ' - « * 
£ ft $ ll & ^ P d , Ni&CuiL&J&tt&^ty 0 

15. *.t* + *Jft«*2*4L***«*** ' 

^ft 

^ GeTe, SnTe, PbTe, SbSe, Sb 2 Se 3 , Sb (1 . x) 
Se(0<x<0.4), Bi 2 Se, Sbi 2 Se 3 , Bi 2 Te, BiTe, 
Bi 2 Te 3 , Sb 2 Te, SbTe, Sb 2 Te 3 , TeSi, Ag 2 Se, 
AgSe 2 , Ag 2 Te, Ag 3 Te 2 , AgTe 2 , Au 2 Se 3 , AuTe 2 , 
GaSb, JLGeSe^" 0 

16. *i t * *J ft ■ * 2 * * *** # * * 



*«.ft*j*.itffl tBBfc*** ( CNS ) A4*fcfr ( 210X297*\ft ) 



A8 
B8 
C8 



& & GeSb 2 Te 4 ,Ge 2 Sb 2 Te5, GeSb 4 Te 7 , In 3 SbTe 2 , 
A(InSb)i. x (GaSb) ' &t0.5<x<£l • 

17. *t# + «*« *2**.******* • 
*^»«tfc^Sii^*.'fb* ' ft, -ft # * 4Mb # ° 

18. *.t**««« *2********* ' £ + 
*,^SS&k&it i) ft*Al. Ti, Zr, Cu, Hf, Ta, Nb, 
Cra.W4L#t,^**ft.fli* 0 ■■ 

j&^iLZni&Cr 0 

20. *. t# + «*«*2*4L**»«#*ft ' £ + 

25 » a**** ■J 1 **' 

ft ft ft ' t*f ° 

21. -****fctt** ' fefcfrm**.***** A*# 

(b)****-**^****--*** ' ****** 



^^.^j^ffl tSJH**^ ( CNS ) AUm- ( 210X297^ ) 



22. + « ft SI 9 2 1 ' &t^*& 

******** ' a* t *******-*■*-»-* 
# A & & 0 

23. * t #**]ft ffl * 22* *.***&***.' * 

24. *»t# + *JI£»*22 3ii*it*t£*^ir + 
$t ,f #. £^[&#?>f-k^& ° 

25. *• t ft « & 22 *#.**£*** ' * 

26. *» t **#Jft B l^tfiL***^*** ' * * ^ 

^^W^JL&£-£6**hE&#^BI 3 £' J. £- 1 & & & 

27. *» t t» 4 #J ft H * 2 2 ^ ^ * *t * fc ft * f ' * & & # * 

* jul x a * * - &. % - * m * « x * * a* « *- ^ v i* * 

£4M»a*-t#* ' 
« ** • 

28. *> t it -M'Jft 8 #22*iL*ifc*te*4Mf ' : * + - 



-MfcSUlAULfil f HB*«* ( CNS ) A4*t» ( 2!OX 297/>ft ) 



A ' t - i& *fc# -t # ^ ° 

29. *t « + ' ***** 

A • 

31. *> t#*«ft« * 22*^* ' * 

3t * ft 4l jfc ' S * A 4 4a & g ° 

32. *» f « *J « *22**-**t#.fc'l*'frff ' * t 
JIJA'J^***'*^***-***^**- 8 -** 

33. *»ttt* *J 22 * 4L * ****** ' 

Sn A Sb i o~ 
. &tA#.i£i] &*In, Cr, B i & S i ft % 0 
S^tttJ-flfcH* 22 **-******* ' 

TeO x , GeO x , SbO x AInO x *. fL -ft 4fe & - * A ^ * * 



4^*.&K&i«.fi] t@@*#^ ( CNS ) A4«Dfe ( 210X297^ ) 



k^GeTe, SnTe, PbTe, SbSe, Sb 2 Se 3 , Sb (1 . x) 
Se(0<x<0.4), Bi 2 Se, Sbi 2 Se 3 , Bi 2 Te, BiTe, 
Bi 2 Te 3) Sb 2 Te, SbTe, Sb 2 Te 3 , TeSi, Ag 2 Se, 
AgSe 2 , Ag 2 Te, Ag 3 Te 2 , AgTe 2 , Au 2 Se 3 , AuTe 2 , 
GaSb, ^GeSet ° 

36. **J ft H ^ t ^^ iL 

&^GeSb 2 Te 4 ,Ge 2 Sb 2 Te5, GeSb 4 Te 7 , In 3 SbTe 2 , 
^(InSb),. x (GaSb) x • * t0.5<x<l • 

37. *t**«« ' 

38. *.t**«ft»#22«i***fc*^» ' ***** 

^L^Al, Ti, Zr, Cu, Hf, Ta, Nb, 

;&^iLZnic,Cr 0 
40.*tfr + «*«* 22 **-*** tei *** ' 

***-;fc****#A**25-ff ****** 0 



&&&X^ig./fl t@Il&*M^ ( CNS ) A4iUM§- ( 210X297/^ ) 



•er (fa 



78 



56 ^ 
52 
50- 



-82- 



80 



T 

49 



92 . 
90 



H2A 



156- 
150- 











mmmm 







752 



772- 



50 



2B 



422 



452 



456- 



450-£ 



472- 



80 

,2C 



490 



50 522 ' 552 



zzzzzzzzz zzzzzzzzn 



572- 



7 

543 



5JS 



540 550 



,@ 2D 



302475 




W5 



PWM DATA, T =35.4 ns, it A =10.7 m/s 
1 1— 



% -it* t 4+ 
12 ns jfcflf 



TE-TE b#^^ ^ 



15 



25 



30 

6A 



«4 



~i 1 1 i r 

12 ns jftflr 



8T ML 



TE-TE Stli^ A 



m 




eg 








o 












in 


« 






q 


LU 
1 — 




1 

LU 
1— 



10 



15 



20 25 
SM£*M&* (mW) 



H 6B 



302475 




305475 




«8 



